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Abstract
Background: The purpose of this study was to examine the association between muscular fitness (MF), assessed by 2 
components of Fitnessgram test battery, the Curl-Up and Push-Ups tests and the metabolic risk score among 
adolescent girls.
Methods: A total of 229 girls (aged 12-15 years old) comprised the sample of this study. Anthropometric data (height, 
body mass, waist circumference) were collected. Body mass index (BMI) was also calculated. Muscular strength was 
assessed taking into account the tests that comprised the FITNESSGRAM test battery, i.e. the curl-up and the push-up. 
Participants were then categorized in one of 3 categories according the number of tests in which they accomplished 
the scores that allow them to be classified in health or above health zone. The blood pressure [BP], fasting total 
cholesterol [TC], low density lipoprotein-cholesterol [LDL-C], high density lipoprotein-cholesterol [HDL-C], triglycerides 
[TG], glucose, and a metabolic risk score (MRS) were also examined. Physical Activity Index (PAI) was obtained by 
questionnaire.
Results: Higher compliance with health-zone criteria (good in the 2 tests), adjusted for age and maturation, were 
positive and significantly (p ≤ 0.05) associated with height (r = 0.19) and PAI (r = 0.21), while a significant but negative 
association was found for BMI (r = -0.12); WC (r = -0.19); TC (r = -0.16); TG (r = -0.16); LDL (r = -0.16) and MRS (r = -0.16). 
Logistic regression showed that who were assigned to MF fittest group were less likely (OR = 0.27; p = 0.003) to be 
classified overweight/obese and less likely (OR = 0.26; p = 0.03) to be classified as having MRS. This last association was 
also found for those whom only performed 1 test under the health zone (OR = 0.23; p = 0.02).
Conclusions: Our data showed that low strength test performance was associated with increased risk for obesity and 
metabolic risk in adolescent girls even after adjustment for age and maturation.
Introduction
A lack of physical fitness (PF) has been associated with
the development of cardiovascular disease risk factors
(CVD) in youth, such as lipid disorders, high blood pres-
sure, insulin resistance among others [1]. This is a cause
of concern because CVD risk factors tend to track to
adulthood [2] and the process of atherosclerosis starts
early in childhood [3]. Conversely, some studies have
shown that PF levels track from childhood to adolescence
[4] and from adolescence to adulthood, [5,6] with moder-
ate to strong coefficients for cardio-respiratory fitness
(CRF) and strength, respectively. [7,8] Additionally, some
data pointed-out that in adolescents PF and especially
CRF has been decreasing over time [9,10] Thus, PF was
proposed as a major marker of health status at any age
[1]. Given this figure, which affects an increased number
of children, [11,12] poor PF represents a health problem
ought to be screened [13].
In spite health-related PF variables included CRF, mus-
cular fitness (MF), namely abdominal muscular strength
and endurance, lower back flexibility and fatness, [14]
studies in youth have mostly looked at the associations
between CRF and CVD [15,16]. Further, the majority of
t h e  s t u d i e s  a d d r e s s i n g  M F  l i n k e d  i t  w i t h  f a t n e s s .  F o r
instance, it was shown an association between MF and
central and whole body composition in normal -weight
[17,18] as well as overweight children [17]. Other studies
showed that muscular strength was identified as an inde-
pendent and powerful predictor of better insulin sensitiv-
ity in children [19]. However, a recent review showed that
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due to a limited number of studies, inconclusive evidence
emerged for a relationship between muscular strength or
motor fitness and CVD risk factors [20]. Therefore, there
is scarce information about the association of muscular
fitness with, either, individual or clustered CVD risk fac-
tors. However, strength and muscular fitness have been
r e c o g n i z e d  i n  t h e  p r e v e n t i o n  o f  b o t h  a d u l t s  [ 2 1 ]  a n d
elderly [22] diseases and functionality. Furthermore,
strength has gained importance regarding health-related
recommendations through exercise that increase bone
health [23].
Additionally, gender differences have been stressed.
Indeed, girls seem to be a key targeting group in health-
related PA promotion. It is known that PF has a strong
association with physical activity (PA) and reviews of cor-
relates of PA in youth showed that one of most important
variables consistently associated with PA was gender,
with studies suggesting a consistent physical activity level
decline with increasing age and tend to be lower in girls
than boys [24].
In this context, the purpose of this study was to exam-
ine the association between muscular fitness, assessed by
two components of Fitnessgram test battery, the Curl-Up
and Push-Ups tests with clustered metabolic risk among
adolescent girls.
Methods
Participants
A total of 229 girls (aged 12-15 years old) comprised the
s a m p l e  o f  t h is  s t u d y .  As exclusion criteria girls were
asked if they have some physical constraint or medical
conditions that do not allow them to participate on
this study. Thus, girls that participated in this study were
apparently healthy and free of medical treatment and
they were living in Porto District. A letter informing fam-
ilies that students would be measured was sent home two
weeks before measurements took place each year.
Schools approved the study protocol and all parents
signed an informed consent form. All measures were car-
ried out by the same group (Physical Education teachers,
medical doctor and nurse). This study was approved by
the Foundation for the Science and Technology of the
Portuguese Ministry of Education. All students were
invited to perform a fitness battery tests and to answer a
questionnaire. Fitnessgram test battery is included in the
national curriculum; however participation was volun-
tary for all evaluations.
Daily Evaluation protocol
In relation to the daily measurement protocol, girls were
firstly identified through her code number. Secondly,
blood samples were taken followed by blood pressure
measurements. Girls were then given breakfast followed
by the determination of their maturational stage. Finally
the Fitnessgram tests were performed. The variables were
measured between 8:00 and 11:00 am.
Anthropometric Measures
Anthropometric methods were used to measure body
mass and body height. Body height was measured to the
nearest mm in bare or stocking feet with girls standing
upright against a Holtain Stadiometer. Body mass was
measured to the nearest 0.10 kg, lightly dressed and after
having breakfast, using an electronic weight scale (Seca
708 portable digital beam scale). Body mass index (BMI)
was calculated from the ratio of body weight (kg)/body
height (m2) and organized using age and sex adjusted cut-
off points described by [25]. Then girls were categorized
as normal weight, overweight or obese group. However,
for analytical purposes the overweight and obese girls
were collapsed in one group, the overweight/obese one.
Waist circumference (WC) was measured at the supe-
rior border of the iliac crest and was further used in the
derivation of the metabolic syndrome risk score.
Blood sampling
Capillary blood samples of participants were taken from
the earlobe after at least 12 hours fasting in order to
obtain values of plasmatic total cholesterol (TC), high
density lipoprotein cholesterol (HDL), triglycerides (TG),
and fasting glucose (GLUC). The lipid profile does not
measure LDL level directly but instead estimates it using
the Friedewald equation: LDL cholesterol = total choles-
terol - HDL cholesterol - (0.20 × triglycerides) [26]. The
blood samples were drawn in capillary tubes (33 μl,
Selzer) coated with lithium heparin and immediately
assayed using Colestech LDX Analyser where a unique
system on the cassette separates the plasma from the
total blood from the blood cells. The Cholestech LDX®
cassettes were stored in the refrigerator after reception.
They were put at room temperature 10 minutes before
opening and then were immediately used. Expiration day
was checked before use. A daily optic check was per-
formed on the analyser used for the study. The Cho-
lestech LDX®  analyser provide good agreement with
laboratory measures for population-based screaming for
cardiovascular risks factors. [27] Additionally, it meets
the criteria set by lipid standardization panel for accuracy
and precision of cholesterol measurements [28].
Blood pressure
Blood pressure (BP) was measured using the Dinamap
adult/pediatric and neonatal vital signs monitors, model
BP8800. Measurements were taken by a trained techni-
cian and with all children sitting after at least 5 min rest.
Two measurements were taken after five and ten minutes
rest. The mean of these two measurements was used for
statistical analysis. If the two measurements differed by 2Mota et al. Diabetology & Metabolic Syndrome 2010, 2:42
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mmHg or more the protocol was repeated (two new mea-
surements until the difference did not exceed 2 mmHg),
which was already previously used in a similar population
[29].
Metabolic Risk Score (MRS)
Given the lack of a universal definition for metabolic syn-
drome in children and adolescents [30] we decided to
compute a continuous risk score from the following mea-
surements: TC; HDL-C; LDL-C; TG; glucose; systolic
blood pressure (SBP) and the WC, similarly to what has
been proposed by Andersen et al [31]. For each of these
variables, a Z-score was computed as the number of SD
units from the sample mean after normalization of the
variables, i.e., Z = ([value - mean]/SD). The HDL-C Z-
score was multiplied by -1 to indicate higher CVD risk
with increasing value. Z scores by age were computed for
all risk factors. Then, MRS was constructed by summing
the z scores of all individual risk factors. A lower meta-
bolic risk score is indicative of a better overall CVD risk
factor profile. To calculate the odds ratio, metabolic risk
was dichotomized at the cut-off value plus 1 SD, identify-
ing children with cluster risk. High metabolic risk was
considered when the individual had 1 or more than 1 SD
of this score.
Biological maturity
Regarding the maturational stage, girls were inquired sep-
arately during physical examination. Each girl self-
assessed her stages of secondary sex characteristics. Stage
of breast was evaluated according to the Tanner's criteria.
Previous study showed a correlation of 0.73 between rat-
ings on two occasions (three day interval) in a sub-sample
of 50 selected subjects [32]. In that study, concordance
between self-assessments of sexual maturity status and
physician assessment was 63% for girls.
Muscle Fitness Assessment (MF)
MF was assessed taking into account the strength tests
that comprised the FITNESSGRAM test battery, i.e. the
curl-up and the push-up [33]. The Curl-Up test was used
to evaluate abdominal strength. Girls lie down with knees
bent and feet unanchored. Set to a specified pace, stu-
dents complete as many repetitions as possible to a maxi-
mum of 75. The Push-Up test was used to evaluate upper
body strength. Girls lower body to a 90-degree elbow
angle and push up. Set to a specified pace, students com-
plete as many repetitions as possible. In the present study,
test-retest reliability over one week (n = 50) ranged
between r = 0.91 for curl-up and r = 0.87 for push-up.
The Fitnessgram is included on Physical Education cur-
riculum of Portuguese National Program. All the physical
education teachers involved in this project undertook
training sessions, worked together each year, with quali-
fied staff in order to assure the standardization, and reli-
ability of the measurements. Students were familiarized
with the procedure for each test before data collection.
Further, the participants received verbal encouragements
from the investigators in order to achieve maximum per-
formance. The scientific rationale to select these tests, as
well as their reliability in young people, has been previ-
ously published [33].
Analysis was conducted including the percentage of
students meeting the adopted age-adjusted criterion ref-
erenced health standards (Health Fitness Zone) for each
MF test item in the Fitnessgram test battery, which allow
us to assigned, for each test, girls as belonging to a
healthy zone (fit) or under a healthy zone (unfit). Thus,
based upon their individual performance in each MF test,
girls were assigned to 3 groups. The MF0 (n = 37; 16.2%),
which comprise those who did not reach the healthy-
zone in both MF tests; the MF1 (n = 90; 39.3%), which
comprised those girls who reached at least one score
within the health-zone in both tests and, the MF3 (n =
102; 44.5%), which comprised those girls whom reached
the health-zone standard in both MF tests.
Assessment of Physical Activity
Physical Activity was assessed by a questionnaire previ-
ously used, which showed good reliability (ICC: 0.92 to
0.96) [34]. The questionnaire has five questions with four
choices: (a) - Outside school do you take part in orga-
nized sport?; (b) - Outside school do you take part in
non-organized sport?; (c)  - Outside school, how many
times a week do you take part in sport or physical activity
for at least 20 minutes?; (d) - Outside school hours, how
many hours a week do you usually take part in physical
activity so much that you get out of breath or sweat?; (e) -
Do you take part in competitive sport?
Overall a maximum of 20 points can be reached. A PA
index was obtained, which divided the sample into four
different activity categories, according to the total sum of
the points: the sedentary group (0-5); low active group (6-
10); moderately active group (11-15) and vigorously
active group (16-20). However, for statistical analysis girls
were grouped into two categories: the less active group
(LAG), which included both sedentary and low active
youth; and the active group (AG), which included the
moderately active and the vigorously active group.
Statistical Analysis
Descriptive data are presented as means and standard
deviation. All variables were checked for normality and
appropriately transformed if necessary. Differences
across MF (MF0, MF1 and MF2) groups for individual
CVD ris k fact or  va ria bl es we r e  as ses sed by a nal ys is  of
covariance (ANCOVA), controlling for maturation and
age. Posthoc analyses were analyzed by the Bonferonni
multiple comparison tests. Logistic regression analysisMota et al. Diabetology & Metabolic Syndrome 2010, 2:42
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was used to analyse the influence of MF on BMI (normal
vs. Overweight/obese) - model 1, physical activity (active
vs. Low active) - model 2 and MRS (yes or no) - model 3.
The level of significance was set at p ≤ 0.05. Data were
analyzed using SPSS (Windows version 15.0).
Results
Descriptive statistics for the CVD risk factors across the
MF groups are presented in table 1. Girls with better MF
profile (those assigned to MF2 group), where significantly
taller, had low BMI, had better lipid profile (TC, TG),
were more active and had a better MRS than their less fit
(MF0) counterparts, after adjustments for age and matu-
ration.
Partial correlations for MF with individual and clus-
tered CVD risk factors are shown in table 2. Higher com-
pliance with health-zone criteria (good in the 2 tests),
adjusted for age and maturation, were positive and signif-
icantly (p ≤ 0.05) associated with height (r = 0.19) and PAI
(r = 0.21), while a significant but negative association was
found for BMI (r = -0.12); WC (r = -0.19); TC (r = -0.16);
TG (r = -0.16); LDL (r = -0.16) and MRS (r = -0.16). No
other statistical significant differences were found.
Logistic regression showed that those who were
assigned to fittest group (MF2) were less likely (OR =
0.27; p ≤ 0.05) to be classified as overweight/obese and
less likely (OR = 0.26; p ≤ 0.05) to be assigned to MRS
group compared MF0 group. This last association was
also found for those whom only performed 1 test (MF1)
under the healthy zone (OR = 0.23; p = 0.02). No statisti-
cal significant associations were found with regard PA.
Discussion
Since the onset of chronic disease risk factors lies in early
childhood, [31,35] it is of great importance to examine
the risk predictors in order that effective preventive strat-
egies targeting those at risk start as early as possible.
The main finding of this study is that it shows a ten-
dency for girls in the MF2 group to possess a better CVD
risk factor profile compared with those with low MF
(MF0). Further, our data showed that higher MF is associ-
ated to better MRS profile and low BMI after adjustments
for age and maturation, which highlighted the potential
importance of a good MF with regard metabolic risk fac-
tors.
These findings are worthy to comment in two ways.
First, the majority of the studies used CRF to characterize
associations between PF and individual or clustered CVD
risk factors [36,37]. Those who used MF showed that low
levels of abdominal strength and upper body strength
were associated with higher BMI, [38-40] which agrees
with our data. However, at best of our knowledge few
studies have addressed the relationship between MF and
other metabolic risk factors besides fatness. Our data
clearly showed that those girls who were assigned to low
fit group (MF0) were more likely to be classified at risk of
having a MRS, which is in line with other study suggest-
ing an inverse association between muscular strength and
Table 1: Descriptive characteristics of the participants
MF0 MF1 MF2
(n = 37;16.2%) (n = 90;39.3%) (n = 102; 44.5%)
Age, years 13.9 ± 1.9 14.7 ± 1.9 13.8 ± 2.0
Weight (kg) 51.6 ± 9.8 55.0 ± 11.1 54.1 ± 9.6
Height (cm) 154. 3 ± 8.9 158.4 ± 6.5 160.1 ± 7.2*
BMI (kg/m2) 21.7 ± 3.7 21.8 ± 3.6 20.9 ± 2,7*
WC (cm) 76.6 ± 10.0 76.2 ± 8.6 73. ± 7.4*
SBP (mm Hg) 119.1 ± 12.0 121.3 ± 13.2 124.5 ± 13.2
DBP (mmHg) 63.2 ± 7.5 64.9 ± 8.8 66.1 ± 9.2
TC (mg/dl) 157.5 ± 23.2 152.3 ± 26.7 151.1 ± 26.4*
HDL (mg/dl) 43.8 ± 14.2 46.9 ± 10.1 46.7 ± 11.1
LDL (mg/dl) 100.3 ± 20.8 93.8 ± 24.5 89.7 ± 26.3
TG (mg/dl) 66.8 ± 26.2 59.9 ± 18.4 57.4 ± 17.8*
Glucose (mg/dl) 83.1 ± 8.7 83.2 ± 6.5 84.6 ± 6.8
MRS 1.57 ± 4.2 0.13 ± 2.6 -0.39 ± 3.2*
PAI 9.8. ± 3.4 10.1 ± 3.7 11.6 ± 3.9*
Data are means ± SD. ANCOVA's Test adjusted for age and maturation, with Bonferroni corrections: * p < 0.05 - significantly different from 
MF0. MF - muscular fitness; PAI, physical activity index; TC, total cholesterol; TG, Triglycerides,Mota et al. Diabetology & Metabolic Syndrome 2010, 2:42
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lipid metabolism profile [41]. Further, it should also be
noted that in our study even girls that failed one health-
zone-based test (MF1) had a protective association with
regard MRS (OR = 0.33; p = 0.02). Although this study is
based on a cross-sectional design our data emphasised
the importance of MF as a potential factor in the preven-
tion of further metabolic risk development. This issue
was recently addressed in Norwegian students and data
suggested that MF may have an independent protective
factor in the development of CVD risk factors [42].
The second important comment lies on the idea that
decreased muscular strength and power may affect the
youth's ability to become skilled and successfully perform
daily activities particularly during their development
years [43]. Given the fact that girls are more likely to gain
weight [44] and tend to be less active, [45] as they get
older, a special attention in their development years is
recommended. Indeed, our data also showed an inverse
association between MF and BMI. Given the fact that
usually obese are more prone to cluster the CVD risk fac-
tors [46,47] our data raises some further concerns. In
fact, although puberty is the greatest confounding factor
with regard the application of the metabolic syndrome
(or clustered factors) in pediatric population our data
showed significant associations even after adjustments
for maturation. On the other hand, the association
between MF and MRS seems to occur even in prepuber-
tal stages [42] and, therefore, the role of MF needs to be
further investigated. It was also suggested that MF may be
a function of participation in PA [42]. Thus, reducing
sedentary activities, increasing PA and PF levels may be
required to protect youth from excessive weight gain as
well as other metabolic diseases.
The main strength of this study was that the use of field
tests for fitness assessment, showed an association
between MF and MRS, which, in turn, stresses the impor-
tance of PF test application in the school system. There-
fore, the schools, which commonly administer physical
fitness tests, are prime sites for identifying high-risk chil-
dren, in addition to sources for instituting specialized
programs for these children. Further, adjustments for age
and maturation gave additional strength to the data
found. Limitations should be recognized. First this study
is a cross-sectional design with a relative small sample
and only focus on girls. The intent was to explore asso-
ciations between MF and metabolic risk factors, but it is
Table 2: Associations between MF and metabolic, anthropometric and physical activity, adjusted for age and maturation
Variables* Height BMI WC TC TG LDL PAI MRS
MF r = 0.19 r = -0.12 r = -0.19 r = -0.16 r = -0.16 r = -0.16 r = 0.21 r = -0.20
p = 0.01 p = 0.05 p = 0.008 p = 0.02 p = 0.03 p = 0.02 p = 0.004 p = 0.006
MF - Muscular Fitness; BMI - Body Mass Index; WC - Waist Circumference; TC - Total Cholesterol; TG, Triglycerides; PAI - Physical Activity Index; 
MRS - Metabolic Risk Score
* Only shown those that p ≤ 0.05
Table 3: Logistic Regression Analysis showing estimating results with Muscular Fitness as independent variable and BMI 
(normal vs. Overweight/Obese), Physical Activity (Active vs. Low Active) and MRS (Yes or No) as dependent variables.
B OR 95%CI p
BMI (model 1) MFO - REF 1
MF1 -0.63 0.53 0.24-1.19 0.13
MF2 -1.29 0.27 0.12-0.64 0.003
MRS (model 2) MFO - ref 1
MF1 -1.48 0.23 0.92-0.57 0.02
MF2 -1.33 0.26 0.11-0.63 0.03
PAI (model 3) MFO - ref 1
MF1 -0.169 0.84 0.38-1.84 0.67
MF2 0.37 1.45 0.67-3.14 0.34
BMI - Body Mass Index
MRS - Metabolic Risk Score
PAI - Physical Activity IndexMota et al. Diabetology & Metabolic Syndrome 2010, 2:42
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not possible to inferred causal relationships with such
a design and, therefore results should be looked with
caution. As a result, additional data is needed to replicate
these findings using both longitudinal designs and repre-
sentative samples.  Further this study would benefit
f r o m  a d d i t i o n a l  c o l l e c t e d  d a t a  s u c h  a s  c o m b i n e d
socioeconomic position, which can enhance the out-
comes. Secondly either obesity or MF was assessed indi-
rectly. In this study obesity was not considered on the
basis of an objective measure of body composition.
Although BMI has become a very common way of assess-
ing overweight/obesity, it does not capture variations in
fat and fat-free mass that are surely related differently to
fitness. Nevertheless, it was recently shown that regard-
less the cut-off points, overweight/obesity assessed by
BMI during childhood is a strong predictor of obesity and
coronary heart disease risk factors in young adulthood,
[48] which can lead to the importance of our data from a
preventive point of view. Lastly, insulin was not mea-
sured, which we know that at these ages is very impor-
tant. In fact, the clinical value of fasting glucose in the
first decade of life has been questioned. Recent findings
show that fasting glucose is weakly associated with clus-
tering of cardiovascular disease risk factors in young peo-
ple [49]. This can be explained by the fact the insulin
resistance may increase before children display impaired
glucose tolerance. In the very early stages of insulin resis-
tance, the pancreas may compensate this metabolic dis-
turbance by excreting higher quantities of insulin.
Therefore, further studies should address and incorpo-
rate this analysis.
Conclusions
In conclusion, this study adds data to the relation
between muscular fitness and metabolic risk factors. Our
data suggest that lower MF was associated with increased
risk for obesity and metabolic risk in adolescent girls even
after adjustment for age and maturation.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
JM gave contributions to conception and design of the study and carried out
the data collection, analysis and interpretation of data. They also revised the
draft; SV, CM, AG, CM and RS were involved in the analysis and interpretation of
data and revised it critically for important intellectual content. SV, RS and JCR
gave contributions to conception and design of the study he has been
involved in drafting the manuscript and revised critically its content. All authors
read and approved the final manuscript.
Acknowledgements
This study was supported in part by grant: Fundação para a Ciência e Tecnolo-
gia (SFRH/BPD/65180/2009) and (SFRH/BSAB/1025/2010).
Author Details
Research Centre in Physical Activity, Health and Leisure, Faculty of Sports - 
University of Porto - Portugal
References
1. Ortega B, Ruiz R, Castillo J, Sjostrom M: Physical fitness in childhood and 
adolescence: a powerful marker of health.  Int J Obes 2008, 32:1-11.
2. Freedman S, Dietz H, Srinivasan R, Berenson S: The relation of overweight 
to cardiovascular risk factors among children and adolescents: the 
Bogalusa Heart Study.  Pediatrics 1999, 103:1175-1182.
3. Srinivasan R, Frontini G, Xu J, Berenson S: Utility of childhood non-high-
density lipoprotein cholesterol levels in predicting adult dyslipidemia 
and other cardiovascular risks: the Bogalusa Heart Study.  Pediatrics 
2006, 118:201-206.
4. Janz F, Dawson D, Mahoney T: Increases in physical fitness during 
childhood improve cardiovascular health during adolescence: the 
Muscatine Study.  Int J Sports Med 2002, 23(Suppl 1):S15-21.
5. Malina M: Tracking of physical activity and physical fitness across the 
lifespan.  Res Q Exerc Sport 1996, 67(3 Suppl):S48-57.
6. Hasselstrom H, Hansen E, Froberg K, Andersen B: Physical fitness and 
physical activity during adolescence as predictors of cardiovascular 
disease risk in young adulthood. Danish Youth and Sports Study. An 
eight-year follow-up study.  Int J Sports Med 2002, 23(Suppl 1):S27-31.
7. Twisk W, Kemper C, van Mechelen W: Tracking of activity and fitness and 
the relationship with cardiovascular disease risk factors.  Med Sci Sports 
Exerc 2000, 32(8):1455-61.
8. Malina M: Physical activity and fitness: pathways from childhood to 
adulthood.  Am J Hum Biol 2001, 13(2):162-72.
9. Dollman J, Olds T, Norton K, Stuart D: The Evolution of Fitness and 
Fatness in 10-11-Year-Old Australian Schoolchildren: Changes in 
Distributional Characteristics Between 1985 and 1997.  Ped Exerc Sci 
1999, 11(2):108-214.
10. Martins C, Silva F, Santos MP, Ribeiro JC, Mota J: Trends of Cardiovascular 
Risk Factors Clustering over time. A Study in two cohorts of Portuguese 
Adolescents.  Ped Exerc Sci 2008, 20(1):74-83.
11. Neumark-Sztainer D, Story M, Hannan P, Stat M, Rex J: New Movies: a 
scholl-based obesity prevention program for adolescent girls.  Prev Med 
2003, 37:41-51.
12. Tominkson G, Léger L, Olds T, Cazarola G: Secular trends in the 
performance of children and adolescents (1980-2000) An analysis of 55 
studies of the 20 m Shuttle Run test in 11 countries.  Sports Med 2003, 
33(4):285-300.
13. Carrel L, Clark R, Peterson E, Nemeth A, Sullivan J, Allen B: Improvement of 
fitness, body composition, and insulin sensitivity in overweight 
children in a school-based exercise program: a randomized, controlled 
study 1.  Arch Pediatr Adolesc Med 2005, 159(10):963-968.
14. Malina R, Bouchard C: Models and methods for studying body 
composition.  In Growth, Maturation and Physical Activity Edited by: 
Malina R, Bouchard C,. Champaing, IL.: Human Kinetics; 1991:87-100. 
15. Carnethon R, Gulati M, Greenland P: Prevalence and cardiovascular 
disease correlates of low cardiorespiratory fitness in adolescents and 
adults.  Jama 2005, 294(23):2981-2988.
16. Winsley RJ, Armstrong N, Middlebrooke AR, Ramos-Ibanez N, Williams CA: 
Aerobic fitness and visceral adipose tissue in children.  Acta Paediatr 
2006, 95(11):1435-8.
17. Benson AC, Torode ME, Fiatarone MA Singh: The effect of high-intensity 
progressive resistance training on adiposity in children: a randomized 
controlled trial.  Int J Obes 2008, 32(6):1016-1027.
18. Moliner-Urdiales D, Ruiz JR, Vicente-Rodriguez G, Ortega FB, Rey-Lopez JP, 
España-Romero V, Casajús JA, Molnar D, Widhalm K, Dallongeville J, 
González-Gross M, Castillo MJ, Sjöström M, Moreno LA: Associations of 
muscular and cardiorespiratory fitness with total and central body fat 
in adolescents; The HELENA Study.  Br J Sports Med 2009. doi: 10.1136/
bjsm.2009.062430
19. Benson AC, Torode ME, Singh MA: Muscular strength and 
cardiorespiratory fitness is associated with higher insulin sensitivity in 
children and adolescents.  Int J Pediatr Obes 2008, 1(4):222-231.
20. Ruiz JR, Castro-Piñero J, Artero EG, Ortega FB, Sjöström M, Suni J, Castillo 
MJ: Predictive validity of health-related fitness in youth: a systematic 
review.  Br J Sports Med 2009, 43(12):909-923.
21. Ruiz R, Sui X, Lobelo F, Morrow J, Jackson A, Sjostrom M, Blair S: 
Association between muscular strength and mortality in men: 
prospective cohort study.  BMJ 2008, 337(7661):92-95.
Received: 28 December 2009 Accepted: 23 June 2010 
Published: 23 June 2010
This article is available from: http://www.dmsjournal.com/content/2/1/42 © 2010 Mota et al; licensee BioMed Central Ltd.  This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Diabetology & Metabolic Syndrome 2010, 2:42Mota et al. Diabetology & Metabolic Syndrome 2010, 2:42
http://www.dmsjournal.com/content/2/1/42
Page 7 of 7
22. Marques E, Carvalho J, Soares M, Marques F, Mota J: Effects of resistance 
and multicomponent exercise on lipid profiles of older women.  
Maturitas 2009, 63(1):84-88.
23. Ondrak KS, Morgan DW: Physical activity, calcium intake and bone 
health in children and adolescents.  Sports Med 2007, 37:587-600.
24. Sallis JF, Prochaska JJ, Taylor WC: A review of correlates of physical 
activity of children and adolescents.  Med Sci Sports Exerc 2000, 
32(5):963-975.
25. Cole T, Bellizzi M, Flegal K, Dietz M: Establishing a standard definition for 
child overweight and obesity worldwide: international survey.  British 
Medical Journal 2000, 320:1240-1243.
26. Friedewald T, Levy RI, Frederickson DS: Estimation of the concentration 
of low-density lipoprotein cholesterol in plasma, without use of the 
preparative ultracentrifuge.  Clin Chem 1972, 18(6):499-502.
27. Radespiel-Troger M, Rauh R, Mahlke C, Gottschalk T, Muck-Weymann M: 
Agreement of two different methods for measurement of heart rate 
variability.  Clin Auton Res 2003, 13(2):99-102.
28. Shemesh T, Rowley KG, Shephard M, Piers LS, O'Dea K: Agreement 
between laboratory results and on-site pathology testing using Bayer 
DCA2000+ and Cholestech LDX point-of-care methods in remote 
Australian Aboriginal communities.  Clin Chim Acta 2006, 367(1-2):69-76.
29. Ribeiro JC, Guerra S, Oliveira J, Teixeira-Pinto A, Twisk J, Duarte J, Mota J: 
Physical activity and biological risk clustering in pediatric population.  
Prev Med 2004, 39(3):546-601.
30. Steinberger J, Daniels SR, Eckel RH, Hayman L, Lustig RH, McCrindle B, 
Mietus-Snyder ML: Progress and challenges in metabolic syndrome in 
children and adolescents: a scientific statement from the American 
Heart Association Atherosclerosis, Hypertension, and Obesity in the 
Young Committee of the Council on Cardiovascular Disease in the 
Young; Council on Cardiovascular Nursing; and Council on Nutrition, 
Physical Activity, and Metabolism.  Circulation 2009, 119(4):628-647.
31. Andersen B, Wedderkopp N, Hansen H, Cooper A, Froberg K: Biological 
cardiovascular risk factors cluster in Danish children and adolescents: 
The European Youth Heart Study (EYHS).  Prev Med 2003, 37(4):363-367.
32. Mota J, Guerra S, Leandro C, Ribeiro J, Duarte J: Association of 
maturation, sex, and body fat in cardio respiratory fitness.  Am J Hum 
Biol 2002, 14:707-712.
33. FITNESSGRAM - The Cooper Institute for Aerobic Research: The 
prudential fitness gram: technical reference manual.  US. The Cooper 
Institute for Aerobics Research 1994.
34. Mota J, Esculcas C: Leisure time physical activity behaviour. Structured 
and unstructured choices according to gender, age and level of 
physical activity.  Int J Behv Medicine 2002, 9(2):111-121.
35. McGill C Jr, McMahan A, Zieske W, Tracy E, Malcom T, Herderick E, Strong 
P: Association of coronary heart disease risk factors with microscopic 
qualities of coronary atherosclerosis in youth.  Circulation 2000, 
102(4):374-379.
36. Anderssen A, Cooper R, Riddoch C, Sardinha B, Harro M, Brage S, Andersen 
B: Low cardiorespiratory fitness is a strong predictor for clustering of 
cardiovascular disease risk factors in children independent of country, 
age and sex.  Eur J Cardiovasc Prev Rehabil 2007, 14(4):526-531.
37. Janssen I, Cramp W: Cardiorespiratory fitness is strongly related to the 
metabolic syndrome in adolescents.  Diabetes Care 2007, 30(8):2143-4.
38. Deforche B, Lefevre J, De Bourdeaudhuij I, Hills P, Duquet W, Bouckaert J: 
Physical fitness and physical activity in obese and nonobese Flemish 
youth.  Obes Res 2003, 11(3):434-41.
39. Ortega B, Ruiz R, Castillo J, Moreno A, Gonsález-Gross M, Wornberg J, 
Gutiérrez A: Grupo AVENA. Low level of physical fitness in Spanish 
adolescents. Relevance for future cardiovascular health (AVENA study).  
Rev Esp Cardiol 2005, 58(8):898-909.
40. Tokmakidis P, Kasambalis A, Christodoulos D: Fitness levels of Greek 
primary schoolchildren in relationship to overweight and obesity.  Eur J 
Pediatr 2006, 165(12):867-74.
41. Garcia-Artero E, Ortega B, Ruiz R, Delgado M, Gonzalés-Gross M, García-
Fuentes M, Vicent-Rodriguéz G, Gutierrez A, Castillo J: Lipid and 
metabolic profiles in adolescents are affected more by physical fitness 
than physical activity (AVENA study).  Rev Esp Cardiol 2007, 
60(6):581-588. (Spanish)
42. Steene-Johannessen J, Anderssen A, Kolle E, Andersen A: Low Muscle 
Fitness Is Associated with Metabolic Risk in Youth.  Med Sci Sports Exerc 
2009, 41(7):1361-1367.
43. Faigenbaum D, McFarland E, Johnson L, kang J, Bloom J, Ratamess A, 
Hoffman R: Preliminary evaluation of an after-school resistance training 
program for improving physical fitness in middle school-age boys.  
Percept Mot Skills 2007, 104(2):407-15.
44. Eisenmann C, Bartee T, Wang Q: Physical activity, TV viewing, and 
weight in U.S. youth: 1999 Youth Risk Behavior Survey 20.  Obes Res 
2002, 10(5):379-385.
45. Jago R, Anderson CB, Baranowski T, Watson K: Adolescent patterns of 
physical activity differences by gender, day, and time of day.  Am J Prev 
Med 2005, 28(5):447-52.
46. Weiss R, Dziura J, Burgert S, Tamborlane V, Taksali E, Yeckel W, Allen K, 
Lopes M, Savoye M, Morrison J, Sherwin S, Caprio S: Obesity and the 
metabolic syndrome in children and adolescents.  N Eng J Med 2004, 
350(23):2362-74.
47. Kelishadi R, Cook SR, Adibi A, Faghihimani Z, Ghatrehsamani S, Beihaghi A, 
Salehi H, Khavarian N, Poursafa P: Association of the components of the 
metabolic syndrome with non-alcoholic fatty liver disease among 
normal-weight, overweight and obese children and adolescents.  
Diabetol Metab Syndr 2009, 22(1):29.
48. Janssen I, Katzmarzyk P, Srinivasan S, Chen W, Malina RM, Bouchard C, 
Berenson GS: Utility of childhood BMI in the prediction of adulthood 
disease: comparison of national and international references.  Obes Res 
2005, 13:1106-1115.
49. Andersen LB, Boreham CA, Young IS, Davey G Smith, Gallagher AM, 
Murray L, McCarron P: Insulin sensitivity and clustering of coronary 
heart disease risk factors in young adults. The Northern Ireland Young 
Hearts Study.  Prev Med 2006, 42:73-77.
doi: 10.1186/1758-5996-2-42
Cite this article as: Mota et al., Influence of muscle fitness test performance 
on metabolic risk factors among adolescent girls Diabetology & Metabolic 
Syndrome 2010, 2:42